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1.  INTRODUCTION 

Much has been written in recent years on the subject of 
the Space Transportation System (STS) Space Shuttle Orbiter in- 
duced contaminant environment and its ultimate impacts upon 
scientific instrumentation and sensi i e systems flown as pay- 
loads within the Orbiter payload bayE-'. Equally as important 
is the induced environment of the STS Spacelab vehicle being 
designed and developed by the European Space Agency as a prime 
Shuttle payload. This will be additive to the environment of 
the Shuttle Orbiter and must be considered as a primary design 
parameter in the Spacelab development. Proper contamination 
control of the Spacelab vehicle is potentially even more criti- 
cal than for the Shuttle Orbiter due to its inherent close proxim- 
ity to scientific instrumentation within the payload bay. The 
National Aeronautics and Space Administration's Marshall Space 
Flight Center recognized this area of concern early in the Space- 
lab Program and funded several Spacelab contamination modeling 
and analysis studies to predict the Spacelab induced contami- 
nant environment, determine its compliance with program contami- 
nation control criteria and establish recommended contamination 
abatement procedures and on-orbit operations. 

This paper presents a compilation of the results of a sys- 
tems level contamination analysis and related computer modeling 
activities conducted by Martin Marietta Aerospace, Denver Divi- 
sion under contract NAS8-31574. It depicts our current techni- 
cal assessment of the contamination problems anticipated during 
the Spacelab program and presents recommendations for contami- 
nation abatement designs and operational procedures based upon 
experience gained in the field of contamination analysis and 
assessment dating back to the pre-Skylab era. 

The impact of the induced contaminant environment of space 
vehicles has become extremely important as a basic design 
parameter for the multi uselvariable configured Spacelab carrier 
and it numerous ultrasensitive payloads. The degree of effi- 
ciency to which the Spacelab design meets the contamination 
control criteria as dictated by the Spacelab payload user 

f Work sponsored by the NASA, Marshall Space Flight Center, 
Alabama under contract NAS8-31574 
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community w i l l  determine t h e  u l t i m a t e  u t i l i t y  of t h e  Spacelab 
t o  provide  t h i s  community wi th  t h e  p la t form from which t o  con- 
d u c t  d e s i r e d  i n v e s t i g a t i o n s  wi th  assurance  t h a t  t h e  induced en- 
vironment w i l l  not compromise payload ob jec t ives .  

2. SPACELAB MODELING AND ANALYSIS 

2.1 Major Model Parametric Cons idera t ions  - A primary 
des ign  goa l  f o r  t h e  var ious  Spacelab conf igu ra t ions  i s  t o  in-  
s u r e  t h a t  t h e  ope ra t ion  of Spacelab/Orbiter systems and the  
mission o b j e c t i v e s  of s c i e n t i f i c  instruments are not compromised 
by t h e  induced molecular and p a r t i c u l a t e  contaminant environment 
emanating from t h e  Spacelab carrier. To accomplish t h i s ,  a 
r igorous  computer modeling and a n a l y s i s  study has  been conducted 
over t h e  p a s t  3% y e a r s  t o  e s t a b l i s h  t h e  p red ic t ed  on-orb i t  contami 
nant  environment l e v e l s  under v a r i a b l e  o r b i t a l  cond i t ions  as w e l l  
as t o  determine Spacelab contamination r e l a t e d  des ign  and opera- 
t i o n a l  requirements necessary t o  m e e t  t h e  maximum a l lowable  in -  
duced env i ro  e n t  l e v e l s  o r  c r i t e r i a  as set f o r t h  i n  Volume X 
of JSC 00770T These c r i te r ia  have a l s o  been recommended f o r  
a p p l i c a t i o n  as a des ign  goal f o r  Spacelab by t h e  European Space 
Agency (ESA) i n  ECR 0004g5. 
des ign  and o p e r a t i o n a l  goa l  f o r  Spacelab t o  c o n t r o l :  

The c r i t e r i a  s ta te  t h a t  i t  i s  a 

a. 

b. 

C. 

d. 

e. 

i n  an instrument field-of-view p a r t i c l e s  of 5 microns 
i n  s i z e  t o  one event p e r  o r b i t ;  

ind ced water vapor column dens i ty  t o  1 O I 2  molecules. 
cm o r  less; 

-2 -1. r e t u r n  f l u x  t o  molecules*cm s , 

-Y 

continuous e$ssions o r  s c a t t e r i n g  t o  not exceed 20th 
magnitude-s i n  t h e  W range; and 

t o  c o n t r o l  t o  1% t h e  abso rp t ion  of W, v i s i b l e ,  and 
I R  r a d i a t i o n  by condensibles on o p t i c a l  su r f aces .  

This set of c r i te r ia  i s  compatible w ' th  t h e  contamination 
c o n t r o l  c r i te r ia  imposed upon t h e  Orbiter'  and has  been u t i l i z e d  
as t h e  b a s e l i n e  from which t o  make Spacelab des ign  and develop- 
ment d e c i s i o n s  throughout t h i s  paper. These c r i t e r i a  have been 
used as a b a s i s  i n  t h e  modeling a c t i v i t i e s  t o  e s t a b l i s h  a com- 
p a t i b l e  model ou tput  format which f a c i l i t a t e s  t h e  understanding 
of t h e  c r i t e r i a  impl i ca t ions  and a i d s  i n  t h e  performance of 
contamination eva lua t ion  s t u d i e s .  
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Because of t h e  dependence of t h e  c u r r e n t  model format 
upon t h e  above contamination c o n t r o l  cr i ter ia ,  i t  i s  important 
t o  no te  t h e  a d d i t i o n a l  assumptions and i n t e r p r e t a t i o n s  t h a t  are 
requi red  t o  make t h e  abbrevia ted  c r i t e r i a  s ta tements  more a p p l i -  
c a b l e  and u s e f u l  i n  des ign  and development eva lua t ions .  These 
i n t e r p r e t a t i o n s  w i l l  demonstrate t h e  reasoning behind c e r t a i n  
modeling d e c i s i o n s  and approaches d i scussed6 in  ensuing s e c t i o n s  
of t h i s  paper. I n  h i s  memo of May 24, 1976 , R. Naumann of t h e  
Marshall  Space F l i g h t  Center (MSFC), chairman of t h e  Contamina- 
t i o n  Requirements D e f i n i t i o n  Group (CRDG) p resented  t h e  neces- 
sa ry  a d d i t i o n a l  i n t e r p r e t a t i o n s  of t h e s e  c r i t e r i a  t h a t  were es- 
t ab l i shed  by t h e  cognizant s c i e n t i f i c  u s e r  community. These 
i n t e r p r e t a t i o n s  are d iscussed  i n  d e t a i l  i n  Sec t ion  4 here in .  

The primary a n a l y t i c a l  t o o l  u t i l i z e d  i n  t h i s  study w a s  the 
- Shuttle/J?ayload Contamination Evalua t ion  Program (SPACE) which 
w a s  developed t o  mathematically syn thes i ze  t h e  contaminant 
sources ,  s u s c e p t i b l e  su r faces  and t r a n s p o r t  mechanisms and t o  
e s t a b l i s h  t h e  p red ic t ed  induced contaminant environments of t h e  
Spacelab c a r r i e r s  modeled. The gene ra l  modeling cons ide ra t ions  
and approaches employed h e r e i n  are d iscussed  i n  Reference 7.  I n  
t h e  subsec t ions  t h a t  fo l low,  b r i e f  d e s c r i p t i o n s  of t h e  c u r r e n t  
Spacelab modeled conf igu ra t ions ,  contaminant sources  and major 
SPACE Program i n p u t  parameters and assumptions are presented .  

2.1.1 Modeled Spacelab Conf igura t ions  - The c u r r e n t  SPACE 
Program developed p r imar i ly  f o r  s t a t i c  des ign  and development 
a n a l y s i s  c o n s i s t s  of t h r e e  unique Spacelab conf igu ra t ions  deemed 
r e p r e s e n t a t i v e  of t h e  a s s o r t e d  module and p a l l e t  hardware com- 
b i n a t i o n s  t h a t  w i l l  be u t i l i z e d  throughout t h e  Spacelab Program. 
The c u r r e n t  Spacelab conf igu ra t ions  modeled include: 1) t h e  
long module/one p a l l e t  (LMOP); 2) t h e  s h o r t  module/three p a l l e t  
(SMTP); and 3) t h e  f i v e  p a l l e t  (FIVP) conf igu ra t ions .  Geometri- 
c a l  d a t a  u t i l i z e d  i n  e s t a b l i s h i n g  t h e  necessary model i n p u t  
parameters f o r  t hese  conf igu ra t ions  w a s  obtained from Reference 8. 
F igure  1 i l l u s t r a t e s  t h e  b a s i c  LMOP conf igu ra t ion  elements 
u t i l i z e d  i n  t h e  geometr ica l  modeling. Note t h a t  t h e  axis system 
and s t a t i o n  numbers (X 
those  of t h e  S h u t t l e  O r b i t e r  cgord inant  system which is  a base- 
l i n e  f o r  t h i s  paper. The primary purposes f o r  developing t h e  
geometrical  conf igu ra t ions  are t o  e s t a b l i s h  t h e  s p a t i a l  r e l a t i o n -  
s h i p s  between a l l  Spacelab contaminant sources  and s u r f a c e s  and 
t o  o b t a i n  mass t r a n s p o r t  f a c t o r s  (MTF). The MTF r e p r e s e n t s  t h e  
percentage of mass l eav ing  a Lambertian source  o r  s u r f a c e  capable 

Z ) presented are c o n s i s t e n t  w i th  
0’ yo’ 
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of reaching ano the r  po in t  o r  s u r f a c e  based upon geometry and 
s u r f a c e  shadowing between sources and r ece ive r s .  When inpu t  i n t o  
SPACE, t h e  MTFs formulate t h e  b a s i s  f o r  d e s c r i b i n g  t h e  Spacelab 
induced contaminant environment. 

Obtained froll 
Reference 8 

Fornard End 

IvbrAAe/Orbiter 
Attach Fittlngs - Expertment segmtnt 

Segment Joint Insulation 

Insulation and Pmtective Cover 

I I 
xo = 
582.0 

Figure 1. Baseline Long llodule/(krc Pa l le t  Refarance Spacelab Configuration (LWP) 

The three modeled Spacelab configurations were segmented 
nodal ly  and d isp layed  g r a p h i c a l l y  by t h e  computer as depic ted  i n  
F igu re  2. The nodal breakdown of each conf igu ra t ion  i s  used as 
t h e  prime r e fe rence  system between t h e  conf igu ra t ion  and con- 
taminant source  paramet r ic  d a t a  such as t h e  materials mass l o s s  
c h a r a c t e r i s t i c s  and s u r f a c e  temperature p r o f i l e s  d i scussed  la ter .  
A s p e c i a l l y  modifigd Martin Marietta Thermal Radiation Analys is  
System (TRASYS-11) i s  u t i l i z e d  t o  e s t a b l i s h  t h e  necessary geo- 
metrical r e l a t i o n s h i p  i n p u t  d a t a  t o  t h e  SPACE Program, however, 
almost any proper ly  modified conf igu ra t ion  model could probably 
be used i n  i t s  place.  Once t h e  requi red  r e l a t i o n s h i p s  are 
e s t a b l i s h e d ,  t h i s  segment of t h e  model i s  no longer needed. 
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However, any changes i n  geometr ica l  r e l a t i o n s h i p s  between su r -  
f aces  and sources ,  r e q u i r e  new r e l a t i o n s h i p s  t o  be e s t ab l i shed  
from the  TRASYS I1 program. 

I n  o rde r  t o  e s t a b l i s h  cons is tency  between t h e  t h r e e  modeled 
conf igu ra t ions ,  they were each loca ted  w i t h i n  t h e  O r b i t e r  pay- 
load bay envelope between X 
p i c t ed  i n  F igu re  2. 
w i t h i n  t h e  bay w i l l  vary depending upon center -of -gravi ty  con- 
s i d e r a t i o n s ,  bu t  t h e  envelope u t i l i z e d  e s t a b l i s h e s  a c o n s i s t e n t  
base f o r  a n a l y t i c a l  comparisons. The payload bay s u r f a c e s  
( r e p r e s e n t a t i v e  of t h e  O r b i t e r  payload bay l i n e r )  shown i n  
F igure  2 are included i n  t h e  model f o r  s u r f a c e  shadowing charac- 
t e r i s t i c s  bu t  are not chargeable t o  the  Spacelab induced environ- 
ment. 

= 582.0 and Xo = 1215.2, as de- 
It i s  gea l i zed  t h a t  hardware l o c a t i o n s  

Figure 2.  Modeled Spacelab Contlguratlons and Contaminant Sources 

156 



The SPACE Program not only cons ide r s  contaminant t r a n s p o r t  
d i r e c t l y  between a source  and a r ece iv ing  s u r f a c e  but  a l s o  
eva lua te s  t h e  physics of t h e  contaminant cloud i n  t h e  nea r  v i -  
c i n i t y  of t h e  Spacelab. The major i t e m s  included t h e r e i n  are 
t h e  phenomena of t h e  column d e n s i t y  o r  "thickness" of t h e  induced 
environment through which a payload must view and t h e  r e t u r n  f l u x  
( o r  backsca t t e r )  of re leased  contaminant molecules t o  a s u r f a c e  
of i n t e r e s t  r e s u l t i n g  from molecular c o l l i s i o n s  wi th  t h e  ambient 
atmosphere o r  wi th  o t h e r  contaminant molecules ( s e l f - s c a t t e r i n g ) .  
To eva lua te  t h e s e  phenomena, seventeen (17) l i nes -o f - s igh t  f o r  
each Spacelab conf igu ra t ion  have been geometr ica l ly  modeled. 
Along each of t h e s e  l i nes -o f - s igh t  which o r i g i n a t e  a t  Xo = 1107, 

were inpu t  t o  t h e  model as p o i n t  contaminant r ece ive r s .  
p o i n t  of o r i g i n a t i o n  i s  c o n s i s t e n t  w i th  t h e  Prime Measuring Poin t  
(PMP) advocated by t h e  CRDG a t  MSFC f o r  contamination c o n t r o l  
c r i t e r i a  eva lua t ion .  The l ines -o f - s igh t  c u r r e n t l y  modeled were 
s e l e c t e d  t o  uniformly encompass a 120 degree  c o n i c a l  viewing 
volume around t h e  +Z a x i s  above t h e  Spacelab conf igu ra t ions  as 
i l l u s t r a t e d  i n  F igure  3 f o r  t h e  SMTP. This i s  a l s o  c o n s i s t e n t  
w i th  t h e  CRDG i n t e r p r e t a t i o n  of t h e  contamination c o n t r o l  c r i -  
teria and encompasses t h e  major i ty  of viewing requirements of 
Spacelab payloads t o  be flown. 

= 0 and Z = 507 (Figure  2 ) ,  a series of pseudo s u r f a c e s  
0 The 

2.1.2 Spacelab Contaminant Sources - The modeled Spacelab 
carr ier  conf igu ra t ions  c u r r e n t l y  have f o u r  major contaminant 
sources  i d e n t i f i e d  which have been eva lua ted  i n  d e t a i l .  These 
inc lude :  1) e x t e r n a l  nonmetall ic materials outgass ing  ( i . e . ;  
t h e  long term mass loss of t h e  material upon exposure t o  space 
vacuum); 2) e a r l y  deso rp t ion  from e x t e r n a l  s u r f a c e s  ( i .e. ;  t h e  
i n i t i a l  h igh  m a s s  l o s s  of adsorbed and absorbed v o l a t i l e s ,  
gases  and l i q u i d s ) ;  3) cab in  atmosphere leakage from p res su r i zed  
tunnel  and module segments; and 4) t he  Spacelab Condensate V e n t  
(SCV).  Figure 2 should be consul ted  €o r  t h e  l o c a t i o n s  of t h e  
modeled contaminant sources  f o r  each of t h e  t h r e e  Spacelab con- 
f i g u r a t i o n s .  

These sources  are t r e a t e d  as c losed  form mathematical ex- 
p re s s ions  which phys ica l ly  approximate t h e  contaminant emission 
processes  involved. A paramet r ic  summary of t h e  methodology 
and assumptions u t i l i z e d  i n  t h e  modeling of t h e s e  sources  and 
t h e  primary cons ide ra t ions  involved i n  determining the  major 
express ions  and r e l a t i o n s h i p s  are presented  i n  t h e  fo l lowing  

157 



2m0 

900 
t Y  

8 30 135 
9 60 135 
10 30 180 
11 60 180 
12 30 225 

60 225 

15 60 
16 30 31 5 
17 60 315 

14 270 
270 

l3 30 

FIgurr 3. Modeled Spacelib Lines-of-Sight 

paragraphs. It should be noted that it was determined through 
the modeling activities, that the major contaminant transport 
mechanism of concern to Spacelab and its payloads will be the 
phenomena of return flux through ambient interaction since 
most Spacelab/payload sensitive surfaces will not have direct 
lines-of-sight to the contaminant sources. 

2.1.2 a. Outgassing - Nonmetallic materials outgassing is 
modeled as a continuous Lambertian contaminant source with an 
emission rate that is a direct function of surface temperature 
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and time of exposure t o  t h e  vacuum of space. The ESA des ign  of 
t h e  e x t e r n a l  Spacelab thermal c o n t r o l  system has apparent ly  been 
f i n a l i z e d  and i so thermal  t o t a l  m a s s  l o s s / v o l a t i l e  condens ib le  
material (TML/VCM) tes t  d a t a  on t h e  chosen nonmetall ic materials 
has  been suppl ied  by ESA. The c u r r e n t  Spacelab pass ive  thermal 
c o n t r o l  system des ign  inco rpora t e s  Chemglaze I1 A-276 w h i t e  
p a i n t  (Hughson Chemical Company, Erie, Pennsylvania) as t h e  
thermal c o n t r o l  coa t ing  f o r  a l l  i n t e r n a l  and e x t e r n a l  p a l l e t  
su r f aces  and m u l t i l a y e r  i n s u l a t i o n  (MLI) manufactured by A e r i -  
t a l i a  as t h e  thermal b lanket  f o r  t h e  module and tunne l  s e c t i o n s  
of Spacelab. 

ESA thermal vacuum test  d a t a  on t h e s e  materials i s  contained 
i n  References 10 and 11, respec t ive ly .  F igure  4 d e p i c t s  t h e  
v a r i a t i o n  of Chemglaze and MLI TML, rates and outgass ing  rates 
as a func t ion  of vacuum exposure t i m e  a t  a test  temperature of 
8OoC. 
t h e  % VCM d a t a  f o r  a -75 C Quartz C r y s t a l  Microbalance (QCM) 
depos i t i on  monitor by assuming t h a t  t h e  s t i c k i n g  c o e f f i c i e n t  of 
t h e  l a r g e  molecular weight ou tgass ing  s ecies w a s  un i ty  a t  t h a t  
temperature. Chemglaze I1 % VCM d a t a  w a s  presented as t o t a l  
% VCM f o r  t h e  e n t i r e  165 hour tes t ,  t h e r e f o r e ,  only t h e  average 
outgass ing  ra te  could be determined. I n  c o n t r a s t  % VCM d a t a  
on t h e  MLIll w a s  presented i n  terms of % VCM s 
outgass ing  decay curve  could be e s t ab l i shed .  

from t h e  ESA suppl ied  test d a t a  i n  g.cm-2.s 
f o r  Chemglaze I1 and 1.29x10-' f o r  t h e  module MLI. 
rates are inpu t  t o  t h e  SPACE Program a t  t h e  125OC re fe rence  
temperature and are then  ad jus t ed  i n t e r n a l l y  t o  t h e  model f o r  
i nd iv idua l  nodal su r f ace  temperatures. The a n a l y t i c a l  express ion  
developed t o  d e s c r i b e  t h i s  temperature dependence f o r  each 
material is presented below: 

Outgassing rates gor t h e s e  materials were determined from 

-1 and t h e  MLI 

0 The average outgass ing  rates a t  125 C iPGR125) derivedll  
were 1 . 3 3 ~ 1 0  

Outgassing 

OG% = OGR125*EXP (T-l25)/K, (1) 
0 where, T = source temperature ( C) and 

K = material c h a r a c t e r i s t i c  cons t an t  which 

= 20 f o r  Chemglaze and 

= 11 f o r  MLI. 
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____ _ _ _ ~  

NOTE: THETML OF A SOURCE MATERIAL PRIMARILY INDUCES 
FIELD-OF-VIEW INTERFERENCE WHILE THE OUTGASSING 
COMPONENT RESULTS I N  SURFACE DEPOSITION. 

IC 1 

CHEMGLAZE TML RATE(TES1 
8OoC)" 

MLI OUT- 
GASSING RATE* 

CHEMGLAZE AVG. 
,OUTGASSING RATE* 

/(ASSUMED CONSTANT) 

50 100 
T I M (  hrs) 

*BASED UPON XVCM TEST DATA AT -75OC COLLECTOR TEMP. AND 8OoC SWRCE 

Figurr 4. IC1 and Chmglrrc I1  Mass Loss Rate Variation w i t h  T l r  

By u t i l i z i n g  t h e  ESA obta ined  % VCM d a t a  a t  d i f f e r i n g  QCM 
temperatures,  t h e  outgass ing  component s t i c k i n g  c o e f f i c i e n t  
v a r i a t i o n  wi th  temperature w a s  approximated f o r  t h e  MLI and 
Chemglaze I1 coat ings .  Again by assuming t h a t  t h e  s t i c k i n g  
c o e f f i c i e n t  approaches u n i t y  a t  -75 C ,  s t i c k i n g  c o e f f i c i e n t s  
a t  o t h e r  temperatures are simply t h e o r a t i o s  of t h e  % VCM a t  
temperature T, over t h e  % VCM a t  -75 C. 
s t i c k i n g  c o e f f i c i e n t  v a r i a t i o n  wi th  c o l l e c t o r  temperature,  

0 

Figure  5 p r e s e n t s  t h e  

TC * 

160 



f o r  MLI and Chemglaze I1 held a t  Ts = 8OoC. 
Figure  5 i s  t h e  Skylab derived s t i c k i n g  c o e f f i c i e n t  r e l a t i o n -  
s h i p  used i n  previous ana lyses  f o r  comparison. 

Superimposed on 

n 

u, 

\ 
\ u, 

!z T,= 8OoC 

0.01 L I 
I & 

-1 25 -75 -25 +25 
COLLECTOR TEMPERATURE (OC) 

Figure 5. RI and Chemglaze 11 Sticking Coefficient Relationships 

2.1.2 b. Early Desorption - A similar approach i s  u t i l i z e d  
i n  modeling t h e  phenomena of e a r l y  desorp t ion ,  however, i n  con- 
trast t o  outgass ing;  t h e  e a r l y  deso rp t ion  ra te  tends  t o  decay 
more r a p i d l y  upon i n i t i a l  exposure t o  space vacuum. 
d a t a  depic ted  i n  F igure  4 w a s  aga in  used t o  e s t a b l i s h  t h e  re- 
qu i r ed  SPACE Program model input  parameters. Primary c o n s t i t u -  
e n t s  of e a r l y  deso rp t ion  and t h e i r  mole f r a c t i o n s  inc lude :  
water (0.57), n i t rogen  (0.23), carbon d iox ide  (0.12) and oxygen 
(0.08). The r e s u l t s  presented  later i n  t h i s  paper are based 
upon t h e  e a r l y  deso rp t ion  rates a t  10 hours i n t o  t h e  decay curve. 
The 10 p o i n t  was s e l e c t e d  t o  o b t a i n  worst  c a s e  p r e d i c t i o n s  f o r  
payloads a t  t h e  p o i n t  i n  a mission when a c t i v a t i o n  of s u s c e p t i b l e  
instruments might be ex ec ted  t o  commence. 
deso rp t ion  rates a t  100 C (EDR100) i n  g-cm 0s were 1 . 2 9 ~ 1 0  
f o r  Chemglaze I1 and 4 . 4 3 ~ 1 0 ’ ~  f o r  MLI  a t  10 hours wi th  t h e i r  
temperature dependence modeled as 

The ESA test 

Thelmodeled early-g 8 -2 - 

E 
7i [& - $1’ (2) 

ED% = EDRlO0*EXP 
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0 where, T = source  temperature ( K) and 

E = source  a c t i v a t i o n  energy (7500 

2.1.2 c. Cabin Atmosphere Leakage - 
-1 ca l*mole  assumed). 

Cabin atmosphere leak- 
age i s  l i m i t e d  t o  t h e  p re s su r i zed  volumes of t h e  LMOP and SMTP 
Spacelab conf igu ra t ions .  For those  p re s su r i zed  volumes, which 
inc lude  t h e  module and tunne l  segments only,  leakage i s  modeled 
as a Lambertian source  being emitted uniformly from t h e i r  ex- 
t e r n a l  su r f aces .  Leakage i s  modeled as a cons t an t  s teady  s ta te  
source  f o r  t h e  LMOP and SMTP p res su r i zed  volume s u r f a c e s  a t  a 
rate of 1.35 kg p e r  day having t h e  following mole f r a c t i o n s  of 
molecular c o n s t i t u e n t s :  n i t rogen  (0.758), oxygen (0.219), 
carbon d iox ide  (0.007) and water (0.016). 

2.1.2 d. Spacelab Condensate Vent - The SCV, loca ted  on 
t h e  upper forward cone of t h e  Spacelab module, i s  a c o n t r o l l a b l e  - -  
overboard l i q u i d  dump system which e m i t s  condensed water and 
t r a c e  Z p o s p h e r i c  contaminants a t  a nominal f l owra te  of 4.5 
kg-min . The SCV i s  scheduled f o r  only one ope ra t ion  of 7 t o  
17  minutes d u r a t i o n  f o r  each seven days on-orb i t ,  therefore, t i m e -  
l i n i n g  of t h e  SCV f o r  contamination avoidance should not  be d i f -  
f i c u l t .  The nozz le  des ign  of t h e  SCV i s  s i m i l a r  t o  t h a t  of t h e  
Skylab contingency condensate vent  employing a double-tapered 
e x i t  o r i f i c e  2.45 mm i n  d iameter  and a h e a t e r  system t o  i n h i b i t  
nozzle freeze-up. 

The SCV w i l l  produce copious amounts of icelwater p a r t i c l e s  
and water vapor (approximately 15% by weight) du r ing  opera t ion .  
The primary contamination concern o t h e r  than proper  t ime l in ing  
i s  t h e  p o t e n t i a l  f r o s t  layer/snowcone buildup on O r b i t e r  and 
Spacelab s t r u c t u r a l  su r f aces  r e s u l t i n g  from SCV plume impinge- 
ment. This would r e s u l t  i n  a n  a d d i t i o n a l  unpred ic t ab le  con- 
taminant source  which would be  impossible t o  c o n t r o l .  Dornier 
Systems s m a l l  vacuum chamber t es t  d a t a  on t h e  SCV i l l u s t r a t e d  
i n  F igure  6 i n d i c a t e s  t h a t  plume impingement on t h e  O r b i t e r  pay- 
load bay forward bulkhead has  been minimized but not t o t a l l y  
e l imina ted  f o r  t h e  most forward Spacelab module p o s i t i o n s  w i t h i n  
t h e  bay. 
plume w i l l  be confined t o  approximately a 22 c o n i c a l  h a l f  
angle ,  however, t h e  over expanded vapor r eg ion  of t h e  plume d i s -  
t r i b u t i o n  p i c tu red  may have been r e s t r i c t e d  by t h e  conf ines  of 
t he  small (0.4 m diameter) t es t  chamber employed. This should 
p re sen t  n e g l i g i b l e  problems a l though,  as a p recau t ion ,  i t  might 

The main c o r e  and lower d e n s i t y  reg ion  of t h e  SCV 
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Figure 6. Spacelab Condensate Vent P l u e  Definition 

be advisable to allow the payload bay area to heat soak under 
solar exposure during venting to minimize condensation. 

3. SPACELAB MOLECULAR INDUCED ENVIRONMENT PREDICTIONS 

Through the use of the SPACE Program, molecular induced 
environment predictions were established for the three modeled 
Spacelab configurations (i.e.; long module/one pallet-LMOP, 
short module/three pallet-SMTP and five pallet-FIVP) and for 
the contaminant sources described in subsection 2.1.2. The 
contaminant sources evaluated in detail in this section include 
nonmetallic materials outgassing, early desorption at 10 hours 
of vacuum exposure and cabin atmosphere leakage. The Spacelab 
condensate vent has been evaluated in detail in Reference 13 
and is not specifically reiterated herein since plume structural 
impingement has been minimized and due to the condensate system’s 
capability of holding condensate for up to seven days which will 
facilitate vent timelining. Although the experiment vacuum vent 
has been identified as an additional major contaminant source, 
sufficient supplemental design/test data is not yet available, 
and consequently the evaluation of this source has not been 
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extended. The experiment vacuum vent  must be evaluated on a 
"per experiment" b a s i s  s i n c e  i t s  contamination source charac- 
ter is t ics  are dependent upon t h e  p a r t i c u l a r  experiment us ing  
t h e  vent  f a c i l i t y .  I n t e r f e r e n c e  wi th  t h e  ope ra t ion  of s e n s i t i v e  
Spacelab payloads by t h e s e  vent  sources  should e a s i l y  be avoided 
through ven t  expuls ion  t ime l in ing  around t h e  d a t a  a c q u i s i t i o n  
pe r iods  of payloads s u s c e p t i b l e  t o  t h e  induced contaminant 
cloud and through employing p r o t e c t i v e  measures such as operable  
covers and ambient d rag  v e c t o r  avoidance by cryogenic payloads. 

The induced environment p r e d i c t i o n s  f o r  t h e  Spacelab con- 
f i g u r a t i o n s  presented  have been formatted t o  be compatible wi th  
t h e  b a s e l i n e  contamination c o n t r o l  c r i te r ia4  as i n t e r p r e t e d  by 

6 t h e  Contamination Requirements D e f i n i t i o n  Group (CRDG) a t  MSFC . 
This c r i te r ia  se rves  as t h e  b a s i s  of t h e  Spacelab contamination 
c o n t r o l  c r i t e r i a  eva lua t ion  presented  i n  Sec t ion  4 and f o r  t h e  
recommendations included the re in .  

3 . 1  Molecular Number Column Density (NCD) P r e d i c t i o n s  - 
Seventeen f ixed  l i nes -o f - s igh t  f o r  each Spacelab conf igu ra t ion  
are c u r r e n t l y  i n  t h e  SPACE Program f o r  which c u r r e n t  NCD pre-  
d i c t i o n s  have been made. These l i n e s - o f - s i  h t  ( i l l u s t r a t e d  
f o r  t h e  SMTP i n  F igure  3) encompass t h e  120 c o n i c a l  viewing 
volume centered  around t h e  +Z axis above t h e  Spacelab v e h i c l e  
o r i g i n a t i n g  a t  t h e  CRDG P r i m e  Measurement Po in t  (PMP) a t  

i n  Table I f o r  t h e  t h r e e  modeled Spacelab conf igu ra t ions .  Non- 
m e t a l l i c  s u r f a c e  material mass loss p r e d i c t i o n s  are  based upon 
t h e  maximum h o t  c a s e  Spacelab thermal p r o f i l e  d a t a  contained i n  
Reference 14 and t h e  ESA materials t es t  d a t a  prev ious ly  d iscussed .  

8 

= 1107, Yo = 0 and Zo = 507. These p r e d i c t i o n s  are presented  
xO 

The primary concern of t h e  NCD parameter i s  i t s  p ropens i ty  
t o  scat ter ,  e m i t  o r  absorb r a d i a n t  energy thus  i n t e r f e r r i n g  wi th  
t h e  d a t a  a c q u i s i t i o n  a b i l i t y  of s e n s i t i v e  o p t i c a l  experiments. 
The corresponding contaminant p re s su res  i n  t h e  proximity of 
h igh  v o l t a g e  power systems can a l s o  induce such phenomena as 
corona arc-over damage and mul t ipac t ing  of t r a n s m i t t i n g  systems. 
The p red ic t ed  NCD l e v e l s  f o r  ou tgass ing  and leakage w i l l  re- 
main r e l a t i v e l y  cons t an t  throughout a Spacelab mission, however, 
t h e  e a r l y  deso rp t ion  NCD l e v e l s  w i l l  dec rease  r a p i d l y  as t h e  
e a r l y  deso rp t ion  ra te  decays wi th  t i m e  of vacuum exposure. The 
primary contamination t h r e a t s  from e a r l y  deso rp t ion  w i l l ,  t he re -  
f o r e ,  be l imi t ed  t o  the  i n i t i a l  on-orb i t  phases of a given 
mission. 
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131. 1. Spacelab Holccular Nurber Colmn Density Predic t ions 

FIYP 

1.3E8 
1.2E8 
1.1E8 
1.3E8 
1.2E8 
1.3E8 
1.2E8 
1.4E8 
1.5E8 
1.5E8 
1.7E8 
1.4E8 
l.4E8 
1.3E8 
l . lE8 
1 . m  
1.1E8 

F-SIWT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 

I 

LIUJP 

3.7E12 
3.OE12 
2.7E12 
3.3E12 
3.4.512 
3.9E12 
5.1E12 
4.8E12 
7.5E12 
5.1E12 
8.4E12 
4.4E12 
6.4E12 
3.5E12 
4.4E12 
3 . l f lP  
3.1E12 

UKlP 

1.9E8. 
1.6E8 
1.6E8 
1.7E8 
1.6E10 
1.3E9 
3.4E10 
7.2E8 
3.7E10 
1.1E9 
1.1E10 
6.9E8 
3.7E10 
1.3E9 
3.4E10 
1 . W  
1 .(E10 

- NITGASSIN( 

W P  

2.8E8 

2.4E8 
2.2E8 
2.5E8 
1.5E9 
5.2E8 
3.9E9 
6.6E8 
7.4E9 
9.6E8 
2.7E9 
6.5E8 
7.3E9 
5.1E8 
3.9E9 
2.4E8 
1.5E9 

- - .I DESORPTIWI 

SMTP 

1 AE12 
1 SE12 
1.4E12 
1.6E12 
1.5E12 
1 .8E12 
2.OE12 
2.3E12 
3.4E12 
2.6E12 
4.4E12 
2.2E12 
3.M12 
1.7E12 
1.7E12 
1.5E12 
1.4E12 

- FIYP 

2.1Ell 
1.9Ell 
1.7Ell 
2.OEll 
1 .BE1 1 
2.1Ell 
1.8Ell 
2.2Ell  
2.3Ell 
2.3Ell 
2.7Ell 
2.2Ell 
2.2Ell 
2 . M l l  
1.7Ell  
1 . x 1 1  
1.7Ell 

- L E A N  

w)p 

2.6E12 
2.2E12 
1.9E12 
2.3E12 
2.1El2 
2.6E12 
2.6E12 
3.1E12 
3.7E12 
3.JE12 
4.5E12 
3.1E12 
3.7E12 
2.6E12 
2.6i12 
2.3E12 
2.1E12 

- W P  

1.4E12 
1.1E12 
9.9Ell 
1.2E12 
).E12 
1 .)E12 
1.3E12 
1.7E12 
2.2E12 
1.9E12 
3.3E12 
1.7E12 
2.2E12 
1.4E12 
1.3E12 
1.2E12 
1 .M12 

- 

*1.m 1.9xlO' 

3.2 Molecular Return Flux P red ic t ions  - For most Spacelab 
payloads, t he  primary t r a n s p o r t  mechanism of t h e  major contami- 
nant sources  w i l l  be t h e  r e t u r n  f l u x  r e s u l t i n g  from contaminant 
molecular c o l l i s i o n s  wi th  the  ambient atmosphere f lux .  D i r e c t  
l i ne -o f - s igh t  and s e l f - s c a t t e r i n g  r e t u r n  f l u x  t r a n s p o r t  were 
eva lua ted  and deemed n e g l i g i b l e  under t h e  major Spacelab source  
cond i t ions .  A l l  major Spacelab sources  were evaluated f o r  maxi- 
mum r e t u r n  f l u x  ( i . e . ;  ambient d rag  v e c t o r  perpendicular  t o  
s u r f a c e  of i n t e r e s t )  t o  a 2 n  s t e r a d i a n  field-of-view s u r f a c e  
loca ted  a t  the  PMP. The worst  c a s e  o r b i t a l  a l t i t u d e s  were con- 
s ide red  f o r  each source  modeled ( i . e . ,  e a r l y  deso rp t ion  and 
leakage a t  200 km and outgass ing  a t  250 km) and m e d i u m  solar 
a c t i v i t y  w a s  assumed. The r e s u l t i n g  p r e d i c t i o n s  are presented  
i n  Table 11. 

The main t h r e a t  of molecular r e t u r n  f l u x  i s  i t s  a b i l i t y  t o  
accommodate o r  s t i c k  t o  su r faces  upon which i t  impinges thus 
absorb ing  r a d i a n t  energy which s c i e n t i f i c  instruments are attempt- 
i n g  t o  d e t e c t  o r  modifying t h e  thermal c h a r a c t e r i s t i c s  of su r -  
f aces  t o  which i t  adheres. The c o n s t i t u e n t s  of e a r l y  deso rp t ion  
and cab in  leakage r e t u r n  f l u x  w i l l  demonstrate n e g l i g i b l e  dwel l  
t i m e s  on all s u r f a c e s  o t h e r  than those  t h a t  are cryogenic. 
c o n t r a s t ,  ou tgass ing  s p e c i e s  can  condense on s u r f a c e s  wi th  
temperatures of 25 C o r  warmer. 

I n  

0 
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Table 11. Spacelab Molecular Return Flux Predlctions 

STRCE/ MAXIMUM RETURN FLUX-2u sr SURFACE (molecules.cm-2-s-' 

OUTGASSING EARLY DESORPTION LEAKAGE ALTITUDE 

AT 2 5 0  km AT 2 0 0  km AT 2 0 0  km 
\ 

CONFIGURATION. 

LMOP 8 . 7 E l l  I 5.OE14 I 4.1E14 I 
2.4E14 2.1E14 I 2.4E13 I -  SMTP 1 . 6 E l l  1 FIVP I 1.4E10 

The optimum approach t o  decreas ing  t h e  impacts of r e t u r n  
f l u x  upon s e n s i t i v e  s u r f a c e s  i s  t o  minimize s u r f a c e  impingement 
o r  reduce i t s  a b i l i t y  t o  s t i c k .  Impingement can be minimized 
through proper  s e l e c t i o n  of materials w i t h  low e a r l y  d e s o r p t i o n  
rates,  f l y i n g  i n  a t t i t u d e s  where major c o n t r i b u t i n g  s u r f a c e s  
are  cool ,  f l y i n g  i n  a t t i t u d e s  where r e t u r n  f l u x  i s  minimized, 
by t h e  payloads supplying t h e i r  own operable  p r o t e c t i v e  covers  
o r  i n  some cases by provid ing  an i n e r t  gas  purge system. 

3 . 3  Deposi t ion P r e d i c t i o n s  - Spacelab d e p o s i t i o n  predic-  

6 t i o n s  c a l c u l a t e d  by t h e  SPACE Program were based upon t h e  m i s -  
s i o n  dependent parameters set f o r t h  i n  t h e  CRDG i n t e r p r  t a t i o n s  
of t h e  e x i s t i n g  Spacelab contamination c o n t r o l  c r i t e r i a  . These 
parameters inc lude  condensible  d e p o s i t i o n  on a 0.1 s t e r a d i a n  
s u r f a c e  a t  300°K (27OC) loca ted  a t  t h e  PMP s u b j e c t  t o  a random 
d r a g  v e c t o r  o r i e n t a t i o n  f o r  a seven day mission. S t i c k i n g  co- 
e f f i c i e n t  d a t a  employed i n  t h e  modeling w a s  based upon t h e  ESA 
TML/VCM t e s t  d a t a  d iscussed  i n  subsec t ion  2.1.2. Materials out- 
gass ing  is  t h e  only i d e n t i f i e d  Spacelab contaminant source  t h a t  
w i l l  accumulate i n  measurable q u a n t i t i e s  on a s u r f a c e  a t  27OC, 
t h e r e f o r e ,  t h e  d e p o s i t i o n  p r e d i c t i o n s  which are  presented i n  
Table  I11 r e s u l t  from t h a t  source alone.  Although t h e  p r e d i c t e d  
l e v e l s  of ou tgass ing  d e p o s i t i o n  r e s u l t i n g  from Spacelab carr ier  
sources  equate  t o  less than one angstrom i n  th ickness  f o r  a 
0.1 s t e r a d i a n  s u r f a c e  a t  t h e  PMp a t  300°K, d e p o s i t i o n  w i l l  s t i l l  
be of concern f o r  c e r t a i n  payloads w i t h  d i f f e r i n g  c o n f i g u r a t i o n s  
and temperature p r o f i l e s .  

9 
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Table 111. Spacelab lblccular Deposition Predictions 

4. SPACELAB CONTAMINATION CONTROL CRITERIA EVALUATION 

The induced environment p r e d i c t i o n s  presented  i n  t h e  prev i -  
ous subsec t ion  i n  conjunct ion  wi th  supplemental a n a l y s i s  were 
u t i l i z e d  t o  determine t h e  a b i l i t y  of t h e  va r ious  Spacelab con- 
f i g u r a t i o n s  t o  meet t h e  e x i s t i n g  contamination c o n t r o l  c r i t e r i a  
imposed upon Spacelab4 and t o  e s t a b l i s h  Spacelab des ign  and de- 
velopment requirements t o  i n s u r e  t h a t  t h e  c r i te r ia  are s a t i s f i e d .  
To accomplish t h i s ,  each major Spacelab contaminant source  w a s  
evaluated a g a i n s t  t he  f i v e  c r i t e r i a  s ta tements  based upon t h e  
i n t e r p r e t a t i o n s  and assumptions sanctioned by t h e  CRDG i n  Refer- 
ence 6 .  I n  t h e  ensuing subsec t ions ,  each main c r i t e r i a  s ta te -  
ment i s  presented as depic ted  i n  Reference 4 .  Each i s  then  
followed by the  a p p l i c a b l e  CRDG i n t e r p r e t a t i o n s  and f i n a l l y  a 
d e t a i l e d  a n a l y s i s  of t h e  Spacelab contaminant sources.  

4.1 Induced P a r t i c u l a t e  Environment - I t  i s  a design and 
operationat goat for  Spacetab t o  controt i n  an instrument f i e l d -  
of-view part ic les  of 5 microns i n  size t o  one event per orbi t .  
This assumes a field-of-view of 1.5 x s t e r a d i a n  and i s  re- 
s t r i c t ed  t o  par t ic les  w i t h i n  5 km of t he  spacec ra f t .  

I n  determining t h e  induced p a r t i c u l a t e  environment of a 
manned spacec ra f t  such as t h e  Spacelab c a r r i e r ,  known def ined  
p a r t i c u l a t e  sources l i k e  t h e  Spacelab condensate vent  (SCV) 
can be  pa rame t r i ca l ly  analyzed i n  a closed mathematical form by 
knowing t h e  primary vent system c h a r a c t e r i s t i c s  (based upon 
e x i s t i n g  system tes t  d a t a  o r  d e t a i l e d  stream tube vent  plume 
and f r e e z i n g  a n a l y s i s )  and i n t e g r a t i n g  t h e s e  i n t o  an appropr i a t e  
p a r t i c l e  t r a j e c t o r y  a n a l y s i s  program. This w a s  conducted f o r  
t h e  SCV and t h e  acquired r e s u l t s  i n d i c a t e  t h a t  t h i s  c r i t e r i a  
s ta tement  can be exceeded dur ing  and f o r  up t o  a minimum t i m e  
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increment of 1 7  minutes a f t e r  SCV opera t ion .  Under t h i s  cond i t ion ,  
t h e  i n t e n t  of t h e  c r i te r ia  can be m e t  through t imel in ing  of t h e  
SCV overboard dump around ope ra t ions  of payloads t h a t  have been 
determined s u s c e p t i b l e  t o  p a r t i c l e s  i n  t h e i r  field-of-view. Cur- 
r e n t  p lanning  i s  f o r  t h e  SCV t o  be operated only once p e r  each 
seven days on o r b i t ,  t h e r e f o r e ,  non in te r f e rence  t ime l in ing  should 
create minimal problems. 

I n  c o n t r a s t  t o  w e l l  def ined  c o n t r o l l a b l e  p a r t i c u l a t e  sources  
such as t h e  SCV, i n t e r m i t t e n t  p a r t i c u l a t e  sources  ( i .e. ,  un- 
p r e d i c t a b l e  su r face / source  random p a r t i c l e  emission) p re sen t  a 
more d i f f i c u l t  a n a l y t i c a l  problem. This phenomena, too ,  w a s  
evaluated and i t  s u f f i c e s  t o  s t a t e  t h a t  t h e  c u r r e n t  contamina- 
t i o n  c o n t r o l  c r i te r ia  as app l i ed  t o  random p a r t i c u l a t e  emissions 
may be very d i f f i c u l t  f o r  t h e  Spacelab car r ie r  t o  meet based upon 
l imi t ed  p a r t i c l e  s i g h t i n g  d a t a  obtained dur ing  t h e  Skylab Program 
by t h e  SO52 White L igh t  Coronagraph experiment. 

4.2 Molecular Column Density - It is a design and opera- 
tionaZ goaZ for  Spacelab t o  control induced water vapor coZwrm 
density t o  10'' moZecukS8cm-2 O r  ZeSS. 
any v e c t o r  w i t h i n  60 degrees  of t h e  +Z axis  o r i g i n a t i n g  a t  t h e  
Prime Measurement Poin t  (PMP) (x = 1107, Y 
It i s  f u r t h e r  assumed t h a t  t h i s  Pepresents ?he worst  case s i t u a -  
t i on .  

This i s  measured a long  

= 0 and Zo = 507). 

The modeled sources  which are of concern t o  m e e t  t h e  NCD 
cr i ter ia  inc lude  t h e  SCV, e a r l y  deso rp t ion  of e x t e r n a l l y  ex- 
posed Spacelab s u r f a c e s  and t h e  leakage of cabin  atmosphere from 
t h e  p re s su r i zed  Spacelab module/tunnel segments. 
requi red  f o r  ou tgass ing  materials as s t a t e d  by t h i s  c r i te r ia  
s i n c e  t h i s  source  i s  considered t o  c o n t a i n  no water c o n s t i t u e n t s  
( i .e. ,  t h e  outgass ing  contaminant sources  m e e t  t h e  NCD c r i t e r i a  
s ta tement ) .  

No c o n t r o l  i s  

The SCV exceeds t h e  NCD c r i te r ia  by over 3 o r d e r s  of magni- 
tude  du r ing  i t s  o p e r a t i o n  and must be t imel ined  around t h e  opera- 
t i o n  of those  payloaf9 deemed suscee5 ib le  t o  water column dens i -  
t ies  g r e a t e r  than  10 molecules*cm i n  o r d e r  t h a t  t h e  i n t e n t  
of t h e  c r i t e r i a  be m e t .  Since t h i s  overboard dump i s  c u r r e n t l y  
planned t o  occur only once each seven days on o r b i t ,  i n t e r -  
f e rence  wi th  payload ope ra t ions  should be minimal i f  p roper ly  
t imelined. 
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I n  t h e  eva lua t ion  of t h e  leakage contaminant source ,  t h e  
worst  case l ine -o f - s igh t  p r e d i c t i o n  w i t h i n  60 degrees  of t h e  
+Z a x i s  i s  f o r  t h e  LMOP i$ne-of-sight 11 where t h e  t o t a l  NCD 
4.46 x 1 O I 2  Eylecules-cm 
molecules-cm ( see  Table I). This va lue  i s  w e l l  w i t h i n  t h e  
c r i te r ia  l i m i t s  and, t h e r e f o r e ,  leakage i s  i n  compliance. 

and t h e  water vapor NCD = 7.14 x 10 

The f i n a l  contaminant source,  ea r ly2deso rp t ion ,  d e  on- 
strates a maximum t o t a l  NCD of 8.4 x 10 molecules-cm f o r  
t h e  LMOP l ine -o f - s igh t  11 a t  10 hour s2 in to  - a mission. This 
equates  t o  a 4.1 x 1OI2 molecules-cm NCD f o r  water vapor which 
exceeds t h e  c r i t e r i a  l i m i t .  I n  o rde r  t o  m e e t  t h e  i n t e n t  of t h e  
NCD c r i t e r i a  f o r  e a r l y  deso rp t ion ,  i t  w i l l  be necessary f o r  t h e  
e x t e r n a l  Spacelab su r faces  t o  demonstrate an avergge-farly - 
s o r p t i o n  rate (EDR) of less than 2.1 x g0cm 0s a t  100 C. 
This can be accomplished through s e l e c t i o n  of e x t e r n a l  m a t e r i a l s  
having a n  EDR less than t h i s  va lue ,  through decreas ing  t h e  t o t a l  
area of coverage of high e a r l y  desorbing materials o r  by delay- 
i n g  d a t a  a c q u i s i t i o n  by s u s c e p t i b l e  ins t ruments  u n t i l  t h e  NCD 
l e v  1s f o r  water vapor have decayed t o  less than 10l2 molecules= 
cm . Based upon t h e  ESA suppl ied  materials tes t  d a t a ,  t h i s  de- 
l ay  t i m e  could be as high as 24 hours. This i s  h ighly  dependent 
upon t h e  thermal h i s t o r y  of su r faces  dur ing  t h a t  per iod ,  how- 
eve r ,  i t  i s  assumed t h a t  an average de lay  t i m e  of 24 hours w i l l  
b r i n g  t h e  e a r l y  deso rp t ion  NCD l e v e l s  i n t o  compliance wi th  t h e  
c r i  t eria. 

-9 

de; 

-5 

4.3 Molecular Return F lux  - I t  is a des; and operationa2 
goal for *acelab t o  control r e t m  f l u x  t o  10% mo2ecules-ern-2. 
s-1. 
(23r s t e r a d i a n  acceptance) o r i en ted  i n  t h e  +Z d i r e c t i o n  a t  t h e  
PMP under worst  case s i t u a t i o n s .  

T h i s - r e f e r s  t o  t h e  t o t a l  f l u x  on an  unshielded s u r f a c e  

The s t a t e d  c r i t e r i a  a p p l i e s  t o  t h e  summation of r e t u r n  
f l u x  from all contaminant sources  wi th  no s p e c i f i c  s t i p u l a t i o n s  
on t h e  s e p a r a t e  c o n s t i t u e n t  l e v e l s  allowable.  However, t h e  en- 
su ing  eva lua t ion  accounts f o r  t h e  accep tab le  source  l e v e l s  t o  
meet t h e  c r i t e r i a  011 an  i n d i v i d u a l  bas i s .  It i s  r e a l i z e d  t h a t  
from a p r a c t i c a l  viewpoint t h a t  each source  should be allowed 
only a budgeted percentage  of t h e  t o t a l .  This same considera- 
t i o n  should a l s o  be app l i ed  t o  t h e  O r b i t e r  sources  (which are 
not  accounted f o r  he re in )  t o  budget between Spacelab and O r b i t e r  
source  l e v e l s .  However, f o r  t h e  b a s i c  Spacelab des ign  and de- 
velopment a n a l y t i c a l  approach which has  been previous ly  accept- 
a b l e ,  i t  i s  assumed t h a t  each source  may have an a l lowable  
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-2 -1 
r e t u r n  f l u x  l e v e l  of 1OI2 molecules-cm 0s o r  less. It should 
be noted t h a t  i f  t h e  des ign  and ope ra t iona l  recommendations i n  
t h e  enzying paragraphs are followed, t h a t  t h e  1 O I 2  molecules. 
c m  0s t o t a l  r e t u r n  f l u x  cr i ter ia  w i l l  i n h e r e n t l y  be m e t .  -2 

The molecular r e t u r n  f l u x  l e v e l s  experienced dur ing  SCV 
ope ra t ion  s i g n i f i c a n t 1  ex  eed the  s t a t e d  c r i t e r i a  l i m i t s  (i.e. 
1. 4x10I7 molecules-cm -'* s-') . 
t e c t e d  from r e t u r n  f l u x  poss ib ly  by u t i l i z i n g  operable  covers,  
i f  p r a c t i c a l ,  wh i l e  SCV dumps are i n  progress.  Return f l u x  could 
a l s o  be minimized through v e h i c l e  a t t i t u d e  s e l e c t i o n  which i s  
no t  conducive t o  r e t u r n  f l u x  du r ing  SCV opera t ion .  I d e a l l y ,  such 
an a t t i t u d e  would p l a c e  t h e  ambient d rag  v e c t o r  con t inua l ly  i n  
t h e  Spacelab +Z d i r e c t i o n ,  thus reducing r e t u r n  f l u x  t o  t h e  PMP 
t o  almost zero. 

S e n s i t i v e  s u r f a c e s  should be  pro- 

The wors t  case Spacelab conf igu ra t ion  f o r  both outgass ing  
and e a r l y  deso rp t ion  r e t u r n  f l u x  t o  a 27r s t e r a d i a n  s u r f a c e  a t  
the  PMP is  t h e  LMOP dur ing  the  maximum temperature p r o f i l e  a t t i -  
tude  (see Table 11). The outgass ing  r e t u r n  f l u x  p r e d i c t i o n  f o r  

m ambien t  d rag  v e c t o r  o r i e n t a t i o n  
a t  250 km a l t i t u d e .  The LMOP re- 

t u r n  f l u x  p r e d i c t i o n  t h e r e f o r e  meets t h e  c r i t e r i a .  

U t i l i z i n g  a similar approach f o r  e a r l y  deso rp t ion ,  i t  w a s  
determined t h a t  t h e  m a  imu LMOP r e t u r n  f l u x  rate would be 
5 . 0 ~ 1 0 ~ ~  molecules-cm 0s based upon t h e  200 km a l t i t u d e  pre- 
d i c t i o n s .  To m e e t  t h e  r e t u r n  f l u x  c r i t e r i a  f o r  ear y d s o r p t i o n ,  
t h e  EDR would have t o  be less than 9.22~10'11 g*cm a t  100°C 
assuming t h a t  a l l  e x t e r n a l  Spacelab s u r f a c e s  con t r ibu te .  A s  i n  
t h e  case of e a r l y  deso rp t ion  compliance wi th  t h e  NCD c r i t e r i a  
s ta tement ,  t h e  i n t e n t  of t h e  r e t u r n  f l u x  c r i t e r i a  can be m e t  f o r  
s u s c e p t i b l e  payloads i f  t h e  exposure of t h e i r  s e n s i t i v e  s u r f a c e s  
i s  delayed u n t i l  such t i m e  t h a t  t h e  e a r l y  deso rp t ion  r e t u r n  f l u x  
rate has  decayed through vacuum exposure t o  an accep tab le  l e v e l  
(approximately 35 hours).  I f  p r a c t i c a l ,  s u s c e p t i b l e  s u r f a c e s  
should provide  t h e i r  own p r o t e c t i v e  dev ices  such as operable  
covers and the  maximum ram v e h i c l e  a t t i t u d e s  should be  avoided 
dur ing  t h e  Spacelab e a r l y  mass loss per iod .  S e l e c t i o n  of o r b i t a l  
a l t i t u d e s  above approximately 600 km would a l s o  reduce t h e  re- 
t u r n  f l u x  t o  an  accep tab le  l e v e l .  

-5 -f 
-3 -f 

s 

Meeting t h e  i n t e n t  of t h e  r e t u r n  f l u x  c r i te r ia  f o r  cab in  
atmosphere leakage may be  more d i f f i c u l t  t o  achieve  due t o  i t s  
continuous,  uncon t ro l l ab le  c h a r a c t e r i s t i c s .  P r e d i c t i o n s  f o r  
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14 t h e  wors t  case Spacelab leakage conf igu ra t ion ,  LMOP, i n d i c a t e  
a r e t u r n  f lux2to- f  21r s t e r a d i a n  su r face  a t  t h e  PMP of 4.1~10 
molecules*cm 0s a t  200 km a l t i t u d e  which exceeds t h e  c r i -  
teria. Decreasing t h e  a l lowable  des ign  l eak  rate of t h e  Space- 
l a b  v e h i c l e s  could be extremely c o s t l y  t o  t h e  program and such 
a n  approach i s  somewhat imprac t i ca l  i n  t h a t  only 3.29 goday' 
could be allowed t o  l e a k  t o  i n s u r e  cr i ter ia  compliance. Re- 
a l i s t i c a l l y ,  leakage r e t u r n  f l u x  should not impact any exposed 
s u r f a c e s  o t h e r  than  poss ib ly  such cryogenic systems as t h e  LHe 
In f r a red  Telescope which w i l l  have an  acceptance ang le  much less 
than  27r s t e r a d i a n  ( c l o s e r  t o  0.1 s t e r a d i a n ) .  However, as 
s t a t e d ,  t h e  r e t u r n  f l u x  c r i t e r i a  i s  exceeded. The l e v e l s  f o r  
leakage r e t u r n  f l u x  can be decreased by u t i l i z i n g  previous ly  
suggested methods of s u r f a c e  p r o t e c t i o n ,  a t t i t u d e  and o r b i t a l  
a l t i t u d e  s e l e c t i o n  (above 600 km). 

1 

4.4 Background Brightness - I t  is a design and operationaz 
goaZ for Spacelab to  controZ continuous emissions or scattering 
t o  not exceed 20th magn%tude*a-2 in the UV range. 
equ iva len t  t o  10-12B 
s o l a r  b r igh tness ) .  

This i s  
a t  a wavelength of 360 nonometers (B  

0 8 
= 

Background b r igh tness  induced by t h e  s c a t t e r i n g  o r  emission 
of r a d i a n t  energy can r e s u l t  from t h e  presence of e i t h e r  con- 
taminant p a r t i c l e s  o r  molecules w i t h i n  t h e  f ie ld-of -v iew of a 
s e n s i t i v e  o p t i c a l  instrument.  For t h e  modeled Spacelab molecular 
contaminant sources ,  t h e  primary phenomena of concern i n  t h i s  
regard i s  t h e  s c a t t e r i n g  of s o l a r  energy from the  i r r a d i a t e d  
contaminant molecules, Analyses of t h i s  phenomena f o r  ou t -  
gass ing ,  e a r l y  deso rp t ion  and cab in  leakage have ind ica t ed  t h a t  
a l l  w i l l  be w e l l  w i t h i n  t h e  c r i t e r i a  as s t a t e d .  

Although approximately 15% of t h e  vent e f f l u e n t s  from t h e  
SCV w i l l  be  emi t ted  i n  t h e  form of w a t e r  m o l e c u l e s ,  t h e  greater 
concern of t h i s  source wi th  regard t o  t h e  background b r igh tness  
c r i t e r i a  w i l l  be t h e  s c a t t e r i n g  and emission from t h e  generated 
ice p a r t i c l e s .  Due t o  i t s  p o t e n t i a l  production of many p a r t i c l e s  
i n  t h e  submicron reg ion  where t h e  s c a t t e r i n g  l e v e l  can be s i g -  
n i f i c a n t ,  exceeding t h i s  c r i te r ia  du r ing  vent  ope ra t ions  i s  
h igh ly  probable.  For t h i s  reason, t h e  SCV overboard dumps 
should be  t imel ined  t o  avoid i n t e r f e r e n c e  wi th  s e n s i t i v e  Space- 
l a b  payload d a t a  a c q u i s i t i o n .  
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4.5 Absorption Due t o  Condensible Depos i t ion  - I t  5s a 
des<gn and operational goal for  Spacelab t o  control t o  1% the 
absorption of UV, v i s ib l e  and I R  radiation by condensibZes on 
optical surfaces. This r e f e r s  t o  t h e  o b j e c t i v e  of an o p t i c a l  
system t h a t  would t y p i c a l l y  have a o d i e l e c t r i c  su r face  a t  ambi- 
e n t  temperature (approximately 300 K) t h a t  i s  loca ted  a t  t h e  
PMP, i s  o r i e n t e d  along t h e  +Z a x i s  and has  an  accep tab le  of 0.1 
s t e rad ian .  It i s  a l s o  assumed t h a t  t h i s  i s  f o r  a 7 day m i s -  
s i o n  wi th  random o r i e n t a t i o n  of t h e  ambient d rag  vec tor .  

Evalua t ion  of t h i s  c r i t e r i a  s ta tement  i n d i c a t e s  t h a t  t h e  
only major modeled Spacelab contaminant source  p re sen t ing  a 
concern f o r  abso rp t ion  by condensibles under the  above s t a t e d  
assumptions i s  t h e  outgass ing  of Spacelab e x t e r n a l  nonmetall ic 
materials. This i s  due t o  the  f a c t  t h a t  n e g l i g i b l e  amounts of 
t h e  o t h e r  eva lua ted  source c o n s t i t u e n t s  w i l l  s t i c k  t o  a s u r f a c e  
a t  300 K f o r  any measurable t i m e  period. To ana lyze  t h e  
phenomena of ou tgass ing  depos i t i on ,  a sys temat ic  approach w a s  
t aken  u t i l i z i n g  t h e  p r e d i c t i o n s  contained i n  Table I11 which are 
based upon t h e  above stated assumptions. S i n c e  t h i s  c r i te r ia  
s ta tement  i s  based upon t h e  contaminant e f f e c t  r a t h e r  than a 
s p e c i f i c  contaminant l e v e l ,  a more comprehensive eva lua t ion  i s  
necessary t o  determine t h e  compliance of t h e  model p r e d i c t i o n s  
wi th  t h e  c r i t e r i a  l i m i t s .  

0 

The r e s u l t s  of t h i s  e v a l u a t i o n  i n d i c a t e  t h a t  t h e  maximum 
abso rp t ion  due t o  condens ib les  w i l l  be induced by t h e  SMTP 
Spacelab conf igu ra t ion .  By assuming t h a t  t h e  s e n s i t i v e  s u r f a c e  
would be a r e f l e c t i v e  o p t i c  d e t e c t i n g  a t  15002 wavelength, t h e  
maximum abso rp t ion  due t o  outgass ing  d e p o s i t i o n  would be 0.16% 
under t h e  cond i t ions  evaluated. This i s  w e l l  w i t h i n  t h e  c r i t e r i a  
l i m i t s  and consequently t h e  Spacelab des ign  as modeled i s  i n  
compliance. 

4.6 Evalua t ion  Summary - To f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  
of t h e  preceding c r i t e r i a  eva lua t ion ,  w i th  r e s p e c t  t o  Spacelab 
design/development c o n t r o l ,  t h e  major r e s u l t s  and conclus ions  
are summarized he re in .  From t h i s ,  c e r t a i n  program overview de- 
s i g n  and development d i r e c t i o n s  can be made concerning t h e  major 
modeled Spacelab contaminant sou rces  and pre l iminary  des ign/  
ope ra t iona l  requirements.  These inc lude :  

a. The contaminant source  of outgass ing  meets a l l  of t h e  
CRDG Spacelab des ign  c r i te r ia  s ta tements  eva lua ted  as 
based upon t h e  suppl ied  tes t  d a t a  from ESA. 
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b. The most r e s t r i c t i v e  c r i t e r i a  s ta tement  f o r  Spacelab 

deso rp t ion  rate of less than 9.2~10-'I gecm ' s  a t  
100°C w i l l  r e s u l t  i n  compliance wi th  t h e  c r i t e r i a .  
I f  materials c o n t r o l  t o  t h i s  l e v e l  proves i m p r a c t i c a l  
from a des ign  viewpoint, a c t i v a t i o n  and/or  exposure 
of payloads s e n s i t i v e  t o  t h e  e a r l y  deso rp t ion  induced 
environment should be delayed up t o  35 hours u n t i l  
e a r l y  deso rp t ion  has decayed t o  an  accep tab le  level. 

e a r l y  deso rp t ion  i s  t h a t  f o r  r e t u r n  f lux .  Aft e a p  

c. Cabin atmosphere leakage cannot from a p r a c t i c a l  p o i n t  
of view be c o n t r o l l e d  t o  a s a t i s f a c t o r y  l e v e l  of com- 
p l i a n c e  wi th  t h e  r e t u r n  f l u x  c r i t e r i a  through Spacelab 
des ign  alone. For Spacelab missions on which i n s t r u -  
ments t h a t  a r e  s e n s i t i v e  t o  t h i s  phenomena are t o  be 
flown, t h e  impact of leakage can be minimized through 
proper s e l e c t i o n  of o r b i t a l  a l t i t u d e ,  a t t i t u d e  and 
s e n s i t i v e  s u r f a c e  p r o t e c t i v e  devices  such as operable  
covers. F o r  a v a s t  major i ty  of proposed Spacelab pay- 
loads ,  o t h e r  than those  ope ra t ing  a t  cryogenic tempera- 
t u r e s ,  t h e  impact of t h e  p red ic t ed  l e v e l s  of r e t u r n  
f l u x  of cabin  atmosphere leakage w i l l  be n e g l i g i b l e .  

d .  During i t s  ope ra t ion ,  t h e  SCV w i l l  exceed a l l  of t h e  
c r i t e r i a  s ta tements  w i th  t h e  except ion  of t h e  1% ab- 
s o r p t i o n  due t o  condensibles.  This source cannot be 
c o n t r o l l e d  through des ign  wi thout  major system modifi-  
c a t i o n s  such as s t o r i n g  t h e  condensate r a t h e r  than  ex- 
p e l l i n g  i t  overboard. The l o g i c a l  approach t o  comply- 
i n g  wi th  t h e  i n t e n t  of t h e  c r i t e r i a  s ta tements  by t h e  
SCV would be t o  t ime l ine  ven t ing  t o  avoid i n t e r f e r e n c e  
wi th  s e n s i t i v e  payload d a t a  a c q u i s i t i o n  and p r o t e c t  
s e n s i t i v e  su r faces  dur ing  vent  ope ra t ions .  

I n  a gene ra l  overview it can be  s t a t e d  t h a t  t h e  c u r r e n t  Space- 
l a b  des ign  is accep tab le  from a contamination view po in t  i f  t h e  
u s e r s  of Spacelab are aware of t h e  environment t o  which they  w i l l  
be exposed and t h e  c o n s t r a i n t s / p r e c a u t i o n s  necessary  t o  i n s u r e  
t h a t  contamination does not  compromise t h e i r  ins t ruments .  It 
should a l s o  be  noted t h a t  t h e  conclusions presented h e r e i n  have 
been based s o l e l y  upon t h e  Spacelab des ign  and t h a t  t h e  add i t ion -  
a l  O r b i t e r  sources  must a l s o  be considered by any STS/Spacelab 
u s e r .  
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